Introduction
============

Currently, the westernization of dietary lifestyle is followed by chronic adult diseases including hyperlipidemia, arteriosclerosis, diabetes and hypertension. This is likely because of various factors, such as environmental pollution and lack of exercise. Oxidative stress provoked by imbalance between free radicals and antioxidative defense system is a major cause of various oxidative diseases, such as cancer, inflammation, heart disease, brain disease, decreased immunity and aging \[[@B1]\]. Reactive oxygen species (ROS) are generated as free radicals in the body such as superoxide anion, hydroxyl radical, and hydrogen peroxide, and known to induce many adult disease, as well as to promote the aging process. The human body uses the free radical scavenger system as a physiological defense system to protect tissues from peroxidative damage by free radicals and lipid peroxides. This defense system is divided into a non-enzyme defense system (vitamin E, β-carotene, etc.) and an enzyme defense system (superoxide dismutase (SOD), glutathione peroxidase (GSHpx), catalase, etc.) \[[@B2]\]. It is said that in normal physiological condition these defense systems protect the body from oxidative damages, however, in a pathological condition like diabetes, the free radical scavenger system can become weak whereas the free radical production system is promoted resulting in an imbalance between the systems \[[@B3]\]. Therefore, attention to the intake of antioxidants in order to repress oxidative stress and to prevent various diseases and aging has increased \[[@B4]\]. Antioxidative substances are widely distributed in animals and plants. Antioxidants such as phenol chemical compounds, flavone derivatives, tocopherol, ascorbic acid and selenium in fruits and vegetables play a key role in the inhibition of aging by delaying or preventing the oxidation of fats, cancer and cardiovascular diseases \[[@B5]\]. Being a food containing such bioactive materials, hot pepper, an indispensable spice of Korean diet, can be referred to representatively. Hot pepper contains phenolic compounds such as ascorbic acid, capsanthin, capsorubin, cryptocapsin, quarcetin, luteolin and capsaicinoid \[[@B6]\], many of which have been reported as being antioxidants \[[@B7]\]. Pepper seeds oil has about 68\~72% linoleic acid, 13\~15% palmitic acid, and 9\~11% oleic acid \[[@B8]\]. However, researches on the antioxidative effect of pepper seeds have been rarely conducted, although some studies have investigated the antimutation and anti-cancer effect of the red pepper seeds \[[@B9]\]. Especially red pepper seed has antimutagenic effects against the aflatoxin B1 and MNNG, and the anticarcinogenic effects in human cancer cells have been reported to be high \[[@B10]\]. Therefore, this study was carried out to investigated the effect of ethanol extracts from red pepper seed on antioxidative system and oxidative damage in the high fat · high cholesterol rat.

Materials and Methods
=====================

Preparation of ethanol extracts from red pepper seed
----------------------------------------------------

The red pepper seed was purchased from the Namandong Agriculture cooperative. Air-dried red pepper seed was crushed using a grinder (Desung power mixer/grinder DA-280G, Seoul, Korea) and shattered pepper seeds were used in samples by cold storage. Grinded pepper seeds and six times 100% ethanol were mixed and then extraction was performed at 4℃ for 24 hours. This process was repeated three times and the supernatant was collected and filtered with a Whatman No.1 filter paper. The solvent of combined extracts was evaporated under reduced pressure using a rotary vacuum evaporator (HS-2001N, Hanshin Science Co., Korea) and dried in a freeze drier (Bondiro, Ilshin, Korea).

Experimental animals and diet
-----------------------------

Male Sprague-Dawley rats weighing 100 ± 10 g were purchased from KRITC (Daejeon, Korea). Rats were individually housed in stainless steel cages in a room with controlled temperature (20\~23℃) and lighting (alternating 12 h periods of light and dark). Rats were divided into four high fat · high cholesterol groups which were composed of HF group (red pepper seeds ethanol extract free), HEA group (0.1 g red pepper seeds ethanol extract/100 g diet), HEB group (0.2 g red pepper seeds ethanol extract/100 g diet), and HEC group (0.5 g red pepper seeds ethanol extract/100 g diet) ([Table 1](#T1){ref-type="table"}). The rats fed the experimental diets for a period of 4 weeks. The experimental design was approved by the committee of Korea International University regarding the care and use of laboratory animals.

Sample collection and preparation
---------------------------------

Sprague-Dawley rat liver was removed and washed with ice-cold 9 g/l NaCl. A rat liver homogenate was prepared according to the described method of Slater and Sawyer \[[@B11]\]. The liver was homogenized in Hepes buffer (mmol/l N-2-hydroxyethypiperazine-N\'-2-ethanesulfonic acid, 10 mmol/l KCl and 280 mmol/l sucrose, pH 7.4), centrifuged at 3,000 rpm for 15 min, recentrifuged at 9,000 rpm for 20 min to remove any mitochondrial contamination, and then centrifuged at 41,500 rpm for 60 min to yield the microsomal fraction. The supernatant was further centrifuged at 105,000 g for 602 min, at 4℃. Protein in the liver tissues was determined using method of Lowry et al. \[[@B12]\].

Activities of antioxidation enzymes
-----------------------------------

The SOD activity was spectrophotometrically measured using a modified version of the method developed by Marklund and Marklund \[[@B13]\]. The GSHpx activity was measured by the method of Lawrence and Burk \[[@B14]\]. The CAT activity was measured using Aebi\'s method \[[@B15]\].

Contents of Superoxide radical (0~2~˙-) and Hydrogen peroxide (H~2~0~2~)
------------------------------------------------------------------------

Superoxide radical content was determined by the method of Azzi et al. \[[@B16]\]. The liver mitochondrial hydrogen peroxide level was measured by the method of Gay and Gebicki \[[@B17]\].

Measurement of carbonyl value and thiobarbituric acid reactive substances (TBARS)
---------------------------------------------------------------------------------

The hepatic microsome and mitochondria were determined according to the method of Levin et al. \[[@B18]\]. The lipid peroxide in the liver tissues was determined by measuring the thiobarbituric acid reactive substances (TBARS) according to the method of Satoh \[[@B19]\].

Statistical analysis
--------------------

Results were analyzed by ANOVA and Tukey\'s honestly significant difference test \[[@B20]\]. Statistical significance is defined as *P* \< 0.05.

Results
=======

Activities of superoxide dismutase (SOD), glutathione peroxidase (GSHpx) and catalase (CAT)
-------------------------------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows the activity of SOD, an antioxidant enzyme which reduces superoxide radicals to H~2~0~2~, which in turn is excreted as H~2~0, based on the activity of GSHpx and CAT, thereby protecting the body from oxygen toxicity. The result of SOD activity in the liver was greater in the HEA, HEB and HEC groups than in the HF group. However, these differences were not significant among the experimental groups. The GSHpx activity in the HEA, HEB and HEC groups were significantly greater than that of the HF group. The CAT activity in the HEA, HEB and HEC groups were 104%, 138% and 152% greater, respectively, than that in the HF group. The HEB and HEC groups were significantly increased compared to the HF group.

Contents of superoxide radical (0~2~^\*^- ) and hydrogen peroxide (H~2~0~2~)
----------------------------------------------------------------------------

The hepatic superoxide radical content is shown in [Fig. 1](#F1){ref-type="fig"}. The liver microsomal superoxide radical contents in the HEA, HEB and HEC groups were significantly lower than that of the HF group. As well, the hepatic mitochondrial superoxide radical contents in the HEA, HEB and HEC groups were 35%, 42% and 53% significantly lower, respectively, than that in the HF group. The result of hepatic mitochondria fraction of hydrogen peroxide content is shown in [Fig. 2](#F2){ref-type="fig"}. The content of hydrogen peroxide in the liver mitochondria of the HEC group was significantly lower than that of the HF group.

Measurement of thiobarbituric acid reactive substances (TBARS) and carbonyl value
---------------------------------------------------------------------------------

The result of TBARS contents as an index oxidative damage is shown in [Fig. 3](#F3){ref-type="fig"}. These TBARS concentrations, an index of lipid peroxidation, were 83%, 74% and 63% lower in HEA, HEB and HEC groups, respectively, compared with the HF groups. The HEB and HEC groups were significantly decreased compared to the HF group. The liver microsomal carbonyl values ([Fig. 4](#F4){ref-type="fig"}) in the HEA, HEB and HEC groups were lower than that in the HF group, but these differences were not significant among the experimental groups. The liver mitochondrial carbonyl values in the HEA, HEB and HEC groups were 34%, 35% and 37% lower, respectively, than that in the HF group. However, there were no significant differences among the red pepper seed extracts supplemented groups.

Discussion
==========

The purpose of the present study was to investigate the effect of ethanol extracts from red pepper seeds on antioxidative system and oxidative stress of liver in rats fed high fat · high cholesterol diet. Oxidative stress means the production of highly reactive oxygen radicals that are toxic to the cells, particularly to the cell membrane in which these radicals interact with the lipid bilayer and produce lipid peroxides. Endogenous antioxidant enzymes (e.g, SOD, GSHpx and CAT) are responsible for the detoxification of deleterious oxygen radicals. Superoxide dismutase is concerned with the elimination of 0~2~˙-(superoxide) that develops from natural substances and is retained in the body. SOD activity is necessary to restrain this development as free radical oxidation is an obstacle and enemy to the body \[[@B21],[@B22]\]. The SOD activity in the liver was greater in the HEA, HEB and HEC groups than in the HF group. During the reduction of hydrogen peroxide, GSH is converted to an oxidized form, glutathione disulfide (GSSG), and GSSG is reduced back to GSH by NADPH-dependant glutathione reductase \[[@B23],[@B24]\]. Rocha et al. \[[@B25]\] showed that hepatic GSH tended to be higher in high fat-fed rats than in standard diet-fed rats. From the current result of observing the activities of the antioxidative defense system in the liver, the GSHpx activity in the HEA, HEB and HEC groups was significantly greater than that in the HF group. The CAT activity in the HEA, HEB and HEC groups was 104%, 138% and 152% greater, respectively, than that in the HF group. These results were considered to be caused by polyphenols within the pepper seeds. The phenolic hydroxyl of the phenolic compounds distributed widely in plants was bound well to macromolecules such as zymoproteins, and these compounds have been recognized as substances showing such bioactivity \[[@B26]\]. In a study of Ku et al. \[[@B27]\], the total polyphenol content of the ethanol extracts of the pepper seeds was 8.00 ± 0.57\~33.99 ± 0.08mg/g. The content was higher than those of seeds and nuts, for instance, reported by Lee and Lee \[[@B28]\] in their study examining the total polyphenol contents of vegetative foods, showing 27 mg/g of sesame seeds, 0.83 mg/g of perilla seeds, 0.12 mg/g of apricot stones, 2.06 mg/g of walnuts, 0.13 mg/g of pumpkin seeds and 2.02 mg/g of sunflower seeds. Antioxidative substances obtained from natural materials are mainly phenolic compounds and flavonoids. Caffeic acid and chlorogenic acid have been reported to have a strong antioxidant capacity \[[@B29]\]. ROS was known to damage cells by producing lipid peroxides and by acting on polyunsaturated fatty acids of cellular membranes \[[@B30]\]. ROS concentration was significantly decreased in the group supplied with ethanol extracts of pepper seeds compared to the HF group, which is thought to be due to antioxidative activity by the supply of the pepper seeds causing inactivated or eliminated free radicals \[[@B31]\]. This result was in line with the finding of Sim and Han who reported that a greater content of red pepper seeds leads to higher electron donating ability using DPPH \[[@B32]\].

Ki and Han reported that superoxide radical is an effective free radical scavenger and such effect is also contained in the red pepper seed \[[@B21]\]. Lipid peroxidation caused by free radicals following oxidative stress in a cell has been known to produce metabolic abnormalities in an organism and to provoke cancer, mutation, loss of genes and aging, by damaging DNA \[[@B33]\]. The TBARS concentrations, an index of lipid peroxidation, were lower in HEA, HEB and HEC groups, compared with the HF group. Especially, HEB and HEC groups were significantly decreased compared to the HF group. Several studies have also shown elevated lipid peroxidation products in high fat diet \[[@B34],[@B35]\]. High intake of dietary fat directly enhanced ROS overproduction which increased lipid peroxidation \[[@B36]\]. This decrease in the lipid peroxides in the liver tissue resulted from red pepper seed extract activating the function of removing free radicals, indicating that the antioxidative defense system was activated to reduce the formation of peroxides. The carbonyl value concentrations, an index of protein peroxidation, were 34%, 35% and 37% lower in HEA, HEB and HEC groups, respectively, compared with the HF group. This result was considered to be the action of antioxidative substances such as polyphenols contained by ethanol extracts of the seed, which suppressed oxidation of proteins by inhibiting lipid peroxidation and finally repressing the oxidation of tissues. In conclusion, an ethanol extract of red pepper seed strengthened the antioxidative defense system with increased activity of SOD, GSHpx and CAT in the liver of high fat · high cholesterol diet fed rats. Accordingly, ethanol extract of red pepper seed was found to reduce the accumulation of ROS, such as superoxide radical and H~2~0~2~, which decrease the generation of oxidatively damaging substances such as TBARS and the carbonyl value.
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![**Effects of ethanol extracts from red pepper seeds on hepatic superoxide radical contents in rats fed high fat · high cholesterol diets.** Values are the means ± SE (n=10). Those with different superscript letters are significantly different at *P* \< 0.05 by Tukey\'s test. The experimental groups are the same as in [Table 1](#T1){ref-type="table"}.](nrp-4-11-g001){#F1}

![**Effects of ethanol extracts from red pepper seeds on mitochondrial hydrogen peroxide (H~2~O~2~) contents in rats fed high fat · high cholesterol diets.** Values are the means ± SE (n=10). Those with different superscript letters are significantly different at *P* \< 0.05 by Tukey\'s test. The experimental groups are the same as in [Table 1](#T1){ref-type="table"}.](nrp-4-11-g002){#F2}

![**Effects of ethanol extracts from red pepper seeds on hepatic thiobarbituric acid reactive substances (TBARS) values in rats fed high fat · high cholesterol diets.** Values are the means ± SE (n=10). Those with different superscript letters are significantly different at *P* \< 0.05 by Tukey\'s test. The experimental groups are the same as in [Table 1](#T1){ref-type="table"}.](nrp-4-11-g003){#F3}

![**Effects of ethanol extracts from red pepper seeds on hepatic carbonyl value in rats fed high fat · high cholesterol diets.** Values are the means ± SE (n=10). Those with different superscript letters are significantly different at *P* \< 0.05 by Tukey\'s test. The experimental groups are the same as in [Table 1](#T1){ref-type="table"}. NS : not significant](nrp-4-11-g004){#F4}

###### 

Compositions of diets in experiment group (g/kg diet)

![](nrp-4-11-i001)

^1)^HF: high fat · high cholesterol diet, HEA: high fat · high cholesterol diet + 0.1% red pepper seeds ethanol extract, HEB: high fat · high cholesterol diet + 0.2% red pepper seeds ethanol extract, HEC: high fat · high cholesterol diet + 0.5% red pepper seeds ethanol extract

^2)^AIN-76 mineral mixture (g/kg mixture)

^3)^AIN-76 vitamin mixture (g/kg mixture)

###### 

Effects of ethanol extracts from red pepper seeds on hepatic superoxide dismutase (SOD), glutathione peroxidase (GSH-px) and catalase (CAT) activities in rats fed high fat · high cholesterol diets

![](nrp-4-11-i002)

Values are the means ± SE (n=10). Those with different superscript letters are significantly different at *P* \< 0.05 by Tukey\'s test. The experimental groups are the same as in [Table 1](#T1){ref-type="table"}.

NS : not significant
